The existence of an arctic-alpine element is well-known in the biogeography and taxonomy of fungi, however synthetic analyses concerning their global distribution, morphological variation and ecology are largely lacking. Here, we compile all available information including published data and herbarium material concerning Marasmius epidryas, a characteristic representative of arctic-alpine macromycetes which grows exclusively on dead woody tissue of Dryas species. Our primary aim was to obtain as complete a picture as possible of the known distribution of an arctic-alpine fungus. Additionally, we attempted to analyse the variation of morphological features, phenology and ecology throughout its range. According to our data, the species has been recorded from over 300 localities. Although the records are clearly biased due to an uneven concentration of mycological investigations, the fungus was found in all parts of its presumable circumpolar distribution outlined by presence of the host plant. The localities included main northern and high-mountain areas as well as peripheral, southernmost parts of the Dryas distribution in Europe (Balkan Mts.), North America (Rocky Mts. of Colorado) and Asia (Altai Mts.). However, it may be a rare species in some regions. Marasmius epidryas appears to occur in most types of 24 Ronikier and Ronikier. Biogeographical patterns, vegetation harbouring its host, an important arctic-alpine dwarf shrub, and is noted as a dominant fungal element for some. No significant differences were found in phenology of M. epidryas between the alpine and the arctic sites, with most records in August. Similarly, although there is a significant variation in quantitative morphological characters, no particular geographical trends were detected.
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Key words: Agaricomycetes, alpine belt, arctic-alpine element, biogeography, distribution, ecology, Mycetinis epidryas, phenology Introduction: Arctic-alpine organisms are among the most characteristic and ecologically important biogeographical groups, confined to cold environments of the Northern hemisphere. They occur disjunctly in subarctic and arctic areas in the Northern latitudes and in isolated, island habitats in alpine belt areas of the more southerly high mountain ranges. Their affinity for such areas is determined by a combination of factors, the most important being physiological adaptation to specific life conditions (e.g., short growing season, low temperatures; Körner 2003) . The existence of a group of arctic-alpine fungi has been recognized for many years and their regional diversity investigated in various parts of the world (e.g., , Lange 1955 , Borgen et al. 2006 , Cripps and Horak 2008 . It is likely that a particularly important element shaping the evolution, biogeographical character and range extension of arctic-alpine fungi are coevolutionary links with specific plant hosts restricted to cold habitats. Indeed, the obligate specificity of a particular fungus and a particular plant has profound consequences for biogeographical distributions (e.g., Halling 2001). Despite many regional works, there have been no studies so far focused on a detailed reconstruction of the general distribution of arctic-alpine fungi; however such synthetic analyses are an important contribution to our knowledge of biogeographical patterns for this group. According to the best of our knowledge the only map of the global distribution of an arcticalpine fungus is that for Arrhenia auriscalpium (Fr.) Fr. (Cripps and Horak 2006) .
Marasmius epidryas Kühner ex A.
Ronikier is a typical arctic-alpine fungus specifically associated with dead tissues of Dryas spp. (e.g., Redhead et al. 1982 , Antonín and Noordeloos 1993 , Gulden et al. 1985 . It was first described by Kühner (1936) from the French Alps in Europe, however, the original description lacked a Latin diagnosis, so the species remained invalid in the sense of the Code of Botanical Nomenclature for a dozen years and was only recently validated (Ronikier 2009 ). Transfer of the species to the genus Mycetinis has recently been proposed (Noordeloos and Antonín 2008), but it was based on the invalid basionym. Although it seems logical to transfer this fungus to the new genus, we prefer to refrain from proposing a new combination for Marasmius epidryas until a DNA sequence confirms this affinity (Ronikier and Ronikier, in preparation) .
Soon after its description, the species was found in Asia (Altai Mts, Russia) by Singer (1943, see coll. 7659 in Appendix 1) and was reported for the first time in North America, in Greenland, by Lange (1955) . Interestingly, the first date of collection for the species in Greenland dates back to 1930 (Lange 1955) . Therefore, the fungus was already known from the three continents of the Northern Hemisphere at the time of its description. The earliest date of the collection of the fungus was Sep 18 th 1928 from Svalbard . Marasmius epidryas is widespread in cold environments and appears to represent a common circumpolar species. As such, it is a useful taxon for an attempt to demonstrate the global distribution of arctic-alpine fungus based on current knowledge. However, information on its distribution is scattered and has never been summarized. Only two regional maps of distribution of M. epidryas in Canada (Redhead 1989) and in Norway including Svalbard are available. Thus, the primary aim of the present paper is to gather together records of published and unpublished (herbarium) data on the occurrence and distribution of M. epidryas, as complete as possible, and to prepare a detailed map of its world distribution with the data available. Additionally, general characteristics of the species based on an overview of the data from the entire distribution range are synthesized. The principal micromorphological features were examined for all herbarium collections in order to present intraspecific variation. Information from publications and herbarium labels was used to develop synopses for the frequency of occurrence, ecology and phenology for the species on a global basis.
Materials and Methods:
In total 273 specimens determined as Marasmius (or Mycetinis) epidryas deposited in 22 world herbaria (AH, AMNH, BR, C, DAOM, E, F, G, H, IB, K, KRAM, L, LE, LIP, O, S, TROM, UPS, VPI, WTU, ZT, abbreviations follow Index Herbariorum, http://sweetgum.nybg.org/ih/) and private collections of Gilles Corriol (GC), Cathy L. Cripps (CLC) and Beatrice Senn-Irlet (B. Irlet) were examined (see Appendix 1). Each collection was first examined under a stereoscopic microscope (Nikon SMZ1500) and the micromorphology was examined under a light microscope (Nikon Eclipse E600) with Nomarski interference contrast with the oil immersion objective 100x, in 5% KOH, Congo Red and Melzer's reagent. The description of micromorphological features given in results is based on characters for all the examined collections; ranges are based on the following number of total measurements: spores -713, basidia -245, hymenial cystidia -466, caulocystidia -320, pileipellis elements -354, pileocystidia -319. Both ranges and average values are given for all measured elements. Spores were taken, when possible, from a natural spore deposit on the cap or stem surface, otherwise, mature spores floating in the hymenial preparation were measured. Spore size is given without the apiculus. Three dimensions of cheilocystidia, pleurocystidia and caulocystidia are provided in the description, in the following order: length × width in the broadest place × width at apex. Macromorphological characters are not described in detail as no fresh material has been examined. Only some of the major macromorphological characters are noted for dried specimens (e.g., maximum and minimum size of pileus, palest and darkest colours of dried basidiomata), while the micromorphological description covers the variability of all collections examined. Symbols of colors used for descriptions of dried basidiomata refer to Kornerup and Wanscher (1965) . Drawings of microcharacters were made using a camera lucida (Nikon Y-IDT). All specimens examined are listed in Appendix 1. Additional published localities without herbarium material are listed in Appendix 2.
A map of the world distribution of Marasmius epidryas was prepared based on herbarium material as well as information on localities available in the literature. Localities for which no coordinates were given on the herbarium labels were located using printed maps of a given region or those available on the internet. Then, the coordinates for these localities were taken from the geo-referenced satellite images in GoogleEarth (earth.google.com). The map was prepared using GIS software and visualized in the polar stereographic projection. Hultén and Fries (1986) .
Results and Discussion:
Revision of herbarium material resulted in recognition of 265 collections of Marasmius epidryas (8 specimens were misidentified and thus excluded from the present study). Additionally, published data is listed for about 90 localities, for which herbarium materials were not available.
DISTRIBUTION:
Marasmius epidryas is a species characterized by a circumpolar distribution in arctic and alpine regions (Redhead 1989, Antonín and Noordeloos 1993) . As a species confined to dead tissue of Dryas spp., its distribution presumably follows that of the host plant species. Thus, its potential for occurrence in the Arctic is probably continuous, while in the mountains its distribution range is fragmented. Thus far it has been found in more than 300 localites (Fig. 1) . Some localities known only from the literature for which specimens have not been examined either in the present paper or by monographers, should be considered with some caution and for this reason they are marked in the map with a different colour. We found four localities published by that are based on misidentified collections. The records are not distributed uniformly due to the clearly uneven concentration of mycological investigations: with very good coverage of some regions (e.g., Iceland, Northern Norway, Western Alps) and a lack of mycological exploration for others (mainly Siberia and mountains of Asia). However, the known localities are distributed across all main parts of the presumable circumpolar distribution of the fungus outlined by the presence of its host plant. It is important to note that the distribution of M. epidryas includes the main northern and high-mountain areas as well as peripheral, southernmost parts of the Dryas distribution in Europe (Balkan Mts.), North America (Rocky Mts. in Colorado) and Asia (Altai Mts.). Although Ryvarden (1968) suggested that the range of M. epidryas is narrower than that of the host plant, the records of the fungus in most peripheral areas appear to confirm a co-occurrence of M. epidryas and Dryas spp. over the whole plant distribution range. However, there may indeed be significant differences in frequency between regions. In some places the fungus is apparently common, e.g., in Iceland (Hallgrímsson 1981) (Ronikier and Ronikier, in press) . It is noteworthy that the fungus has been reported from numerous localities in the western and central part of the Alps (France, Switzerland, Italy) , while it has not been reported so far from the eastern part of this mountain range (Fig. 1) . Also, it has not been found in any locality with a large lowland population of Dryas octopetala in Ireland (Harrington 2003, see notes on ecology below).
Information on the occurrence of M. epidryas in various countries may be found in the following papers: Bulgaria (Antonín and Noordeloos 1993, Gyosheva and Denchev 2000) , Canada (Miller 1968 , Redhead et al. 1982 , Redhead 1989 , Antonín and Noordeloos 1993 , DenmarkGreenland (Lange 1955 , Petersen 1977 , Lamoure et al. 1982 , Borgen 1993 , Borgen et al. 2006 ), Finland (Antonín and Noordeloos 1993 , Ohenoja 2000 , Noordeloos 2008 ), France (Kühner 1936 , Lamoure 1982 , Kühner and Lamoure 1986 , Meyer and Bidaud 1988 , Bon 1999 , Antonín and Noordeloos 1993 , Ronikier 2009 ), Iceland (Hallgrímsson 1981 , Antonín and Noordeloos 1993 , Noordeloos 2008 , Italy (Antonín and Noordeloos 1993 , Jamoni 1998 , 2006 , Zotti and Orsino 2001 , Macedonia (Ronikier and Ronikier, in press ), Montenegro (Ronikier and Ronikier, in press ), Norway (including Svalbard) (Eckblad 1960 , Kallio and Kankainen 1964 , Lange and Skifte 1967 , Ohenoja 1971 , Sivertsen 1978 , Gulden et al. 1985 , Ryvarden 1968 , Antonín and Noordeloos 1993 , Jalink and Nauta 1994 , Gulden and Torkelsen 1996 , Robinson et al. 2004 , Noordeloos 2008 , Romania (Antonín and Noordeloos 1993), Russia (Singer 1943 , Niezdoiminogo 1971 , Niezdoiminogo and Zhurbenko 1996 , Knudsen and Mukhin 1998 , Slovakia (Antonín and Noordeloos 1993), Spain (Bon and Ballarà 1995 , Esteve-Raventós et al. 1997 , Vila et al. 1997 , Vila 1998 ), Sweden (Lundell and Nannfeldt 1979 , Antonín and Noordeloos 1993 , Ludwig 2001 , Tedebrand 2007a , 2007b , Noordeloos 2008 ), Switzerland (Favre 1955 , Senn-Irlet 1986 , Breitenbach and Kränzlin 1991 , Antonín and Noordeloos 1993 , USA (Sprague and Lawrence 1960 , Miller 1982 , Cripps and Horak 2008 . MACROMORPHOLOGY ( Fig. 2 ): The examined material was fairly variable in respect to the size and colour of (dried) basidiomes. The smallest mature pileus that possessed mature basidia measured 2 mm in diameter (e.g., coll. F 34279), while the largest was 15 mm in diameter (e.g., coll. O74220). The palest basidiomes were very pale cream, almost white (4A2) (e.g., coll. E 297142) and the darkest were rusty-brown (4EF6, 4EF7, 4EF6, 4EF7) or even blackish brown, especially in the center (e.g., KRAM F-48020). Lamellae in most specimens were broadly adnate, but in a few cases they were slightly but distinctly decurrent (e.g., coll. O 74222). Stipe length ranged from 4 mm (KRAM F-46706) to 75 mm (e.g., AMNH FA-11524). Variation in the color of pileus was stressed by Redhead et al. (1982) and Ronikier and Ronikier (in press) and is explained by several possible factors one of which may be the sensitivity of melanin (likely the pigment present in the pileus) to the sunlight.
Marasmius epidryas is a very distinctive species, easy to identify in the field due to the rustybrown, velvety stipe entirely covered by thick hairs visible without magnification. According to Gulden et al. (1985) , the species is somewhat similar to Collybia alkalivirens Singer = C. obscura Favre [Gymnopus fuscopurpureus (Pers.: Fr.) Antonín, Halling & Noordel.] . Although the latter forms bigger basidiomes with smooth stipes, it may easily be mistaken for large basidiomes of M. epidryas as it often occurs in similar vegetation types with and Miller (1968) Full descriptions of M. epidryas that include macromorphology are available in the following papers: Kühner (1936 ), Miller (1968 , Clemençon (1982) , Redhead et al. (1982) , Gulden et al. (1985) , Senn-Irlet (1986) , Breitenbach and Kränzlin (1991) , Knudsen and Noordeloos (1992) , Antonín and Noordeloos (1993) , Bon and Ballarà (1995) , Jamoni (1998 Jamoni ( , 2008 , Vila (1998) Fig. 3) : Spores 8.0-12.0(13.0) × (4.0)5.0-7.0(7.5) μm, av. 9.7 × 6.0 μm, Q= (1.2)1.3-2.0(2.25), Qav=1.6, ellipsoid, amygdaliform, hyaline, thin-walled, non-amyloid (Fig. 3e) . Basidia (32)33-58(67) × 6.5-11(11.5) μm, narrowly clavate, 4-spored, exceptionally also 2-or 3-spored, and sometimes with more than 4 sterigmata. Cheilocystidia and pleurocystidia similar, (30)39-72(91) × 5-10(17) × 2-7(9.5) μm, av. 54.3 × 7.3 × 4.6 μm, fusiform, lageniform, cylindrical, usually with a capitate Fig. 1 . World distribution of Marasmius epidryas based on all herbarium and literature records available. Green dots -herbarium data (revised collections); orange dots -literature data (not revised). Dark grey area -outline of distribution range of Dryas spp. according to Hultén and Fries (1986) . apex, thin-or, more rarely, slightly to distinctly thick-walled, clamped, in some collections abundant or numerous, in others rare and scattered and difficult to notice (Fig. 3b) . In every collection at least one typical capitate cystidium has been observed, but in some cases fusiform, non-capitate cystidia prevailed (especially cheilocystidia). Differences in the shape of cheilocystidia that were dependent on their location on the lamellae were observed. Cheilocystidia from the part of the lamellae close to the pileus margin were mostly typical and capitate, while those located close to the stipe were often fusiform and slightly to distinctly thick-walled ( Fig. 3b -first two cystidia on the left). Pileipellis a hymeniderm, dry or slightly gelatinized, made up of broadly clavate, piriform or more rarely slightly fusiform, stipitate or sessile, thick-walled elements, (12)14-35(45) × 7-18(24) μm, av. 24.0 × 11.3 μm, with hyaline or pale to rusty-yellow walls 0.5-3 μm thick (Fig.  3a) . Pileocystidia narrowly clavate or cylindrical (rarely forked or capitate), 17.5(21)-55(67) × 4-11(12) μm, av. 37.9 × 7.0 μm, with orange brown walls 1-3(6) μm thick, occasionally with 1 to 3 secondary septa, sometimes covered with an amorphous substance (Fig. 3c) , in most collections abundant to numerous, more rarely scattered. Stipitipellis a cutis made up of long hyphae with thick, slightly incrusted, yellow brown walls. Caulocystidia abundant, densely covering the whole length of the stipe, (30)52-135(177) × (3)4.5-11(15.5) × (1.5)2-6.5(7) μm, av. 86.2 × 7.0 × 3.8 μm (measurements from the stipe apex), cylindrical or more often swollen and curved at base and with an obtuse or slightly pointed apex and with thick, yellow walls (Fig.  3d) ; some caulocystidia from the very apex of the stipe are more similar in shape to hymenial cystidia, being capitate; caulocystidia in lower parts of a stipe are much longer, darker and usually narrower at the apex. Clamp connections are numerous in all tissues.
ECOLOGY: Marasmius epidryas is one of the few species from the genus (in the sense of Antonín and Noordeloos 1993) that is exclusively associated with one type of substrate. In the literature and on herbarium labels, dead stems or branches (sometimes buried in soil), or roots of Dryas spp. are cited as the most common substrate of the fungus. Dead leaves are also mentioned (e.g., Singer 1943; Sprague and Lawrence 1960), but we have not found any basidiome in the herbarium material that was attached to a leaf, so in our opinion the fungus grows exclusively on dead woody parts of the plant. Marasmius epidryas is considered a saprotroph and based on a majority of observations it is associated with dead (rotting, decaying, necrotic) parts of Dryas. However, it was once noted on both dead and living branches of Dryas (Eckblad 1960) . While it cannot be excluded that the fungus may be a weak parasite which attacks dying parts of the plant and becomes a saprotroph after the plant's death, it may also be that the fungus was found on the dead parts of the living Dryas' stems in this particular case.
Although M. epidryas is assumed to be exclusively associated with Dryas, there are a few reports from sites where Dryas was not noted nearby or where it was observed on other substrates. The first to collect M. epidryas without the accompanying host plant was R. Kühner, who found the species in the Alps, on litter in a spruce forest (coll. G 110635). The second aberrant collection from the Alps is cited by Bon (1999) who reports it growing among Salix retusa L. The species was also noted in Greenland on Vaccinium uliginosum L., in a heath bog (Lange 1955), on wooden sticks in damp moss without Dryas nearby (coll. C 1453), and in Alaska, on bases of D. integrifolia and Salix sp. (coll. B. M. Murray 4242, VPI). These abberant records constitute 1.6 % of all collections taken into account in the present paper (herbarium data and literature records) and in our opinion they do not indicate that the fungus is not obligately associated with Dryas spp. In sites where the plant was not noticed, it could have remained only in the form of dead woody material buried in the soil. It should also be noted that small pieces of dead Dryas stems containing fungal mycelium can be transported by strong winds for long distances, so the fungus may, at least temporarily, appear far from its original population.
There is little information on specific vegetation types in which the fungus has been found. It was reported in the Swiss Alps from calciphilous grasslands and Dryas heath communities. In particular, Senn-Irlet (1986 reported M. epidryas as one of dominant fungi in typical high-mountain plant associations Salicetum retuso-reticulatae and Seslerio-Caricetum sempervirentis on calcareous bedrock; it was also regularly noted in Athamantho-Trisetetum distichophylli subclass Tortelletosum vegetation. In the French Pyrenees it was reported from another calciphilous association, OxytropidoElynion (Corriol 2008).
In alpine/subalpine and arctic/subarctic localities it was reported from various habitats: mostly arctic or alpine tundra with prostrate or shrubby plants such as (apart from Dryas) Salix reticulata L., Empetrum nigrum L., Juniperus communis subsp. nana Syme., Vaccinium vitisidea L., V. gaulterioides Bigelow, V. uliginosum L. and others, on open gravelly sites or along river banks. It has been found in polar semidesert vegetation as well as damp places, such as mires. In the mountains, the fungus follows its host plant and occurs in the alpine belt but also in places where Dryas descends from alpine localities into the subalpine belt (Favre 1960 , Esteve-Raventós et al. 1997 , Bon 1999 , see also Appendix 1: coll. e.g., F 16550, S 157013, DAOM 178077). According to Lamoure et al. (1982) Marasmius epidryas is a species typical of drier habitats. It was also collected during a 'very dry year' by O. K. Miller Jr. (coll. VPI, OKM 7634). On the other hand, fruitings were also noted after heavy rains (Miller 1968; Sprague and Lawrence 1960) . Also Vila et al. (1997) expects more numerous occurrences of the species in the Pyrenees during longer periods of moisture. Our observations from the Southeastern European mountains seem to confirm that the fungus usually appears after periods of heavy rains (A. Ronikier, M. Ronikier, unpublished) . However, it is also possible that the frequency and occurrence of the fungus are not the same throughout the entire distribution range and that in some regions it is one of most common species and occurs regardless climatic conditions, while in other (southern peripherical) regions it is rare and more sensitive to the ecological factors (see also notes on distribution above).
Taking into account the wide geographical range of M. epidryas, it is probably present in most plant associations in which its host plant occurs, however, with some exceptions. There are places with abundant populations of Dryas octopetala where the fungus has not been found so far, i.e. relict lowland locality in Ireland (Harrington 2003) . It has also been searched for in lowland localities by Gulden et al. (1985) without any success.
PHENOLOGY: Information on the time of occurrence of M. epidryas is very sparse in the literature. According to Antonín and Noordeloos (1993) , the fungus occurs from June to September. Gulden et al. (1985) observed that it appears to be most abundant in the later part of the season. In the Finse region (Southern Norway) it occurs from late July to the end of the season . The analysis of all studied herbarium materials together with published records of those collections not studied by us demonstrates that the maximum of fruiting of M. epidryas is in the second half of August (Fig. 4) and that as much as 64% of all observations were recorded during August. The earliest occurrence noted was May 18 th (Axel Heiberg Island, N.W.T, Canada, coll. DAOM 124716), and the latest was November 5 th (Swiss Alps, Waadtländer Alpen, Pas de Cheville; Senn-Irlet 1986 ). An analysis of phenology made separately for arctic versus alpine locations showed no significant differences. In the case of the alpine locations, the peak occurrence was clearly recorded in the second part of August (Fig. 4a) , while in the Arctic the number of records for the first and the second part of August were similar (53 and 56, respectively; Fig. 4b ). CANADA: Alberta, Banff National Park, above Peyto Lake, in subalpine tundra, Dryas octopetala, 18 Jul 1977 , leg. O. K. Miller Jr., C, DAOM 179737, IB 1977 (Miller 1982 , Redhead et al. 1982 , Antonín and Noordeloos 1993 ; VPI (OKM 15968) (Miller 1982 , Redhead et al. 1982 (Miller 1982 , Redhead et al. 1982 (Miller 1968 , Redhead et al. 1982 (Miller 1982 , Redhead et al. 1982 ; Kluane Lake, on dead Dryas alaskensis, 26 Jul 1967, leg. A. H. Tinker, VPI (OKM 5809) (Miller 1968 , Redhead et al. 1982 
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